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© An asynchronous saliqjpt pole induction motor 
having a stator core (12) With equally-spaced teeth 
(16) with inner ends (20) having equal angular extent 
and defining a bore whereat a squirrel cage rotor is 
provided. A main field winding (34) includes serially 
connected coils embracing alternate stator teeth and 
connected across a single phase source of alternat- 
ing current. An auxiliary field winding (38) includes 
serially connected coils embracing consecutive teeth 
intermediate the tooth having the main winding coils 
thcroon. The auxiliary winding coils arc phase dis- 
placed from the main winding coils. Each of the 
teeth faces at their inner ends are shaped for in- 
creasing the air gaps on both sides of the center line 
longitudinal plane of each tooth thereby increasing 
the magnetic reluctance between each of the teeth 
and the rotor on both sides of the center line plane. 
The laminations are first punched with circular 
shaped teeth inner ends and thereafter are punched 
to remove a cut-away portion from the teeth inner 
ends substantially near the tips (52) of the teeth 
furthest away from the center line plane. 
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Technical Field 



The present invention relates to the technical 
field of asynchronous induction motors. More spe- 
cifically, the present, invention relates to an im- 
provement in an asynchronous induction motor 
having a stator with a plurality of salient poles 
whereupon individual coils are located for creating 
the necessary flux to drive the rotor. 

Background Art 



The present invention is an improvement to the 
half-pitch capacitor induction motor as described in 
Morrill, U.S.. Patent No. -1,371,802 issued on Feb- 
ruary 1, 1983. The motor described in that patent 
includes a stator core member having equally 
spaced teeth extending inwardly and forming a 
bore whereat the rotor is received. The number of 
teeth are equal in number to twice the number of 
motor poles. The main field winding includes seri- 
ally connected coils embracing alternate consecu- 
tive stator teeth' and connected across a single 
phase source of alternating current. An auxiliary 
field winding includes serially connected coils em- 
bracing consecutive stator teeth intermediate the 
main winding coil teeth. The auxiliary winding coils 
are connected to the single phase source of al- 
ternating current in series with a phase displacing 
capacitor. Morrill 4,371,802 taught that if the turns 
and wire size of the main and auxiliary windings 
have balanced volts per turn conditions and iden- 
tical ampere turns and/if the value of the capacitor 
in series with the auxiliary winding coils is chosen 
such that the main and auxiliary windings are ■ in 
exact time quadrature at the operating speed, then 
the third harmonic in the forward direction cancels, 
the fifth harmonic is reduced and the seventh and 
ninth harmonics do not appear to or do not couple 
the rotor. 

In normal production environments, the bal- 
anced conditions of Morrill 4,371,802 are substan- 
tially difficult to achieve and increase labor and 
production time thereby increasing the overall 
product cost. Furthermore, the operating speed 
varies over a range of torque and, therefore, cannot 
be predicted exactly so that the motor can be 
produced for specific desired applications. Accord- 
ingly, although the winding of wire on the salient 
poles decreases cost of production, for example, 
compared to a distributed wound motor, the re- 
quirement of balancing the above-described con- 
ditions substantially detract from the actual useful- 
ness of such a motor. 



Disclosure of Invention 



It is the principle object of the present inven- 
tion to overcome the above-discussed disadvan- 
s tages associated with prior asynchronous salient 
pole induction motors. . 

The present invention was conceived by first 
determining and realizing that the air gap flux den- 
sity wave crossing the air gap between the rotor 
10 and each respective stator tooth was substantially 
square. It was realized that the square-shaped 
wave of flux is cxpcricncod on the rotor quite 
similar to a plurality of pistons hitting the rotor 
instantaneously. In essence, the rotor experiences 
io the various harmonics that make up a square wave 
in addition to the fundamental wave of flux and 
because the harmonics are at different frequencies 
from that of the fundamental, torque, speed and 
efficiency are limited and/or lost. The third, fifth, 
20 seventh, and ninth harmonics, in essence, fight the 
fundamental thereby both decreasing efficiency 
and making its application range unpredictable. 

The present invention overcomes the disadvan- 
tages associated with the prior asynchronous sa- 
25 Went pole induction motors by increasing the air 
gap between the rotor and each stator tooth on 
both sides of a central line longitudinal plane of 
each tooth. As the air gap increases toward the 
tooth tips and away from the center line longitudi- 
30 nal. plane, the magnetic reluctance also increases 
thereby decreasing the magnetic flux traveling 
thereacross and between the stator tooth and rotor. 
Accordingly; tti§ flux density between each tooth 
and the rotor is more closely akin to the fundamen- 
ts tal sinusoidal wave such as, for example, as pro- 
vided by distributed wound motors. 

Preferably, where the stator teeth are defined 
by 180 electrical degrees with the center line lon- 
gitudinal plane being at 0 electrical degrees, the 
40 teeth inner ends are shaped for increasing the air 
gaps starling at 40 to 45 electrical degrees on 
either side of the center line plane and extending 
away therefrom. More preferably, the teeth inner 
ends are shaped for increasing the air gaps starting 
45 at an angle on. either side of the center line plane 
defined by: 

cos 9 S = J 7T sin e 2 

5o where: 

6 S = angle to start air gap increase in elec- 
trical degrees; and, 

62 = 1/2 the electrical pitch of the winding in 
electrical degrees. 
55 Additionally, the teeth inner ends are preferably 

shaped for providing increasing air gaps equal to a 
length 6 + 20% of 5 according to: 
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6 = 6 AIR GAP FLUX 
n a x cos 6 



where; 

5 = length of. air gap at a distance 0 from the 
teeth center line plane; 

5„ = normal air gap equal to 1/2 the difference 
between the teeth inner ends circular shape diam- 
eter and the rotor diameter; and, 

ai = ampiitudo of desired flux wavo applied, to 
rotor. 

The stator core is preferably made of a plural- 
ity of bound laminations. The stator teeth inner 
ends are chamfered on both sides of the center 
line longitudinal plane thereby shaping the teeth 
inner ends for increasing the air gaps on both sides 
of the center line plane. More preferably, for de- 
creasing production time, the laminations are first 
punched with circular shaped teeth inner ends for 
forming a uniform air gap and, thereafter, are 
punched to remove a cut-away portion from the 
teeth inner ends substantially near the tips of the 
teeth furthest away from the center line plane. The 
cut-away portion closely approximates the desired 
tooth shape for providing the desired air gap and, 
thereby, creating the desired fundamental wave 
flux density between the teeth and rotor. 

Brief Description of Drawings 

The above-mentioned and other features and 
objects of this invention and the manner of obtain- 
ing them wili become more apparent and the in- 
vention itself will be better understood by reference 
to the following description of an embodiment of 
the invention taken in conjunction with the accom- 
panying drawings wherein: 

Fig. 1 is a cross-sectional side diagrammatic 
view of an asynchronous induction motor im- 
proved by the present invention; 
Fig. 2 is a blown-up diagrammatic cross-sec- 
tiona! view of a tooth inner end tip according to 
the present invention; 

Fig. 3 is a front elevational view of the stator 
core according to the present invention; 
Fig. 4 is a flux density diagram showing the 
most ideal desired flux air gap flux density along 
with prior salient pole motor flux density and the 
flux density wave accomplished by the present 
invention; and, 

Fig. 5 is a blown-up diagrammatic view of a 
single stator tooth shaped according to the 

present invention. 

Corresponding reference characters indicate 
corresponding parts throughout the several views 
nf thr> drawinns 



The exemplifications set out herein illustrate 
preferred embodiments of the invention in one form 
thereof and such exemplifications are not to be 
construed as limiting the scope of the disclosure or 
s the scope of the invention in any manner. 

Best Modes for Carrying out the Invention 

Referring to the figures of the drawings, there 

io is shown an asynchronous induction motor gen- 
erally indicated as 10 and having a laminated stator 
coro member. 12. Stator core member 12 includes 
a generally cylindrically-shaped yoke portion 14 
and equally angularly spaced radially inwardly ex- 

75 tending teeth 16 respectively defining winding slots 
18 therebetween. Teeth 16 have inner ends 20 
which define a bore for receiving laminated rotor 
member 22 on shaft 24, Outer periphery 26 of rotor 
member 22 defines radial air gaps 28 with inner 

20 ends 20 of stator teeth 16. Outer periphery 26 also 
has generally axially extending siots 30 formed 
therein for a squirrel cage winding 32 therein in a 
known and customary fashion. The number of sta- 
tor teeth 16 is twice the number of poles of motor 

25 10 and. thus, in the embodiment shown in the 
figures, there are four poles and a total of eight 
stator teeth 16. The inner ends 20 of teeth 16 have 
substantially equal angular extent. That is, the pole 
face 30 of each tooth 16 embraces outer periphery 

30 26 of rotor member 22 with the same span as 
every other tooth. As more fully described herein- 
below, each of said pole faces 31 of each of said 
teeth (16 have substantially the same curvature and 
face shape. 

35 Similar to the half-pitch capacitor induction mo- 

tor disclosed in U.S. Patent No. 4,371,802 to 
Wayne J. Morrill, the full text and teachings of 
which are expressly incorporated herein by refer- 
ence, a main field winding is provided including 

40 serially connected coils 34-1, 34-3, 3.4-5, and 34-7 
respectively embracing teeth 16-1, 16-3, 16-5, and 
16-7. There are the same number of coils 34 as the 
number of poles. The main field winding coils 34-1, 
34-3, 34-5, and 34-7 are serially connected across 

45 single-phase alternating current source 36 such as 
120 volts, 60 Hz. 

An auxiliary field winding is provided and in- 
cludes coils 38-2, 38-4, 38-6 and 38-8 respectively 
embracing consecutive alternate teeth 16-2, 16-4, 

50 16-6, and 16-8 intermediate the teeth upon which 
the main winding coils 34 are wound. Auxiliary field 
winding coils 38-2, 38-4, 38-6, and 38-8 are serially 
connected with phase shifting capacitor 40 across 
the serially connected main field winding coils 34 

v> as indicated a! 42. It will be understood herein' that 
phase shifting capacitor 40 is only one means for 
phase displacing the main field winding from the 
anyilinrv fiold windinn and, that other equivalent 
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structure is contompiated as part of this means, 
such as, for example, by varying the number of 
turns and changing inductance, the size of the wire, 
and locating capacitors in different parts of the 
main and auxiliary field windings and varying ca- 5 
pacitance. Accordingly, it should be understood 
that various components of the motor structure can 
be varied for providing the necessary means for 
phase displacing the main field winding from the 
auxiliary field winding. As can also be appreciated, tc 
two-phase alternating current could be utilized con- 
necting each of tho mam and auxiliary windings to 
the two difforcnt phasoc and the same is also 
contemplated heroin as part of the means for 
phase displacing. , 5 

As indicated in Fig. 1. full pitch is the angular 
extent of one pole of motor 10, i.e., 90 degrees 
mechanical in the illustrated four pole embodiment, 
and half-pitch is the angular extent of one-half of 
one pole i.e., 45 degrees mechanical in the iilus- :>o 
trated four pole embodiment. As is shown, the 
magnetic flux crossing air gap 28 into or out of 
respective teeth ends 20 has a substanlially half- 
pitch span. 

As more fully described hereinbelow, teeth 25 
ends 20 are shaped in a manner whereby air gaps 
28 on both sides of a central line longitudinal plane 
50 increase toward the teeth tips 52 thereby in- 
creasing the magnetic reluctance between each of 
the teeth and the rotor on both sides of center line 30 
plane 50 towards teeth tips 52. 

Wayne J, Morrill, in U.S. Patent No. 4,371,802 
disclosed that if the turns and wire size of the main 
and auxiliary windings have balanced volts per turn 
conditions and identical ampere turns and if the 35 
value of the capacitor is chosen such that these 
main and auxiliary windings are in exact time 
quadrature at the operating speed then the third 
harmonics in the forward direction cancel and the 
remaining third harmonic appears in the backward aq 
direction which is not harmful in a fan motor. The 
fifth harmonic is reduced and the seventh and ninth 
harmonics do not seem to appear or do not couple 
to the rotor. These balanced conditions are difficult 
to achieve in a production environment and often 45 
involve increased labor and or processing thereby 
increasing cost. Likewise, the operating speed of a 
motor in application often varies within a range and 
can not be predicted exactly. 

Referring now to Fig, 4, there are shown ex- 50 
perimental results of the half-pitch induction motor 
air gap flux density. The air gap flux density of the 
motor disclosed in U.S. Patent No. 4,371,802 is 
substantially a square wave shape as shown in the 
small dashed line 51. Ideally, however, the flux 55 
traveling across the air gaps and between each 
tooth inner end 20 should be sinusoidal as shown 
in the larger dashed' lino 53. Ideally, if the desired 



line 53 sinusoidal flux density is applied to the 
rotor, inductance would be substantially uniform on 
the rotor squirrel cage and available torque per 
given power input would increase along with effi- 
ciency. Where the tooth ends 20 create a uniform 
and constant air gap 28 with the rotor 22 a square 
wave is experienced by the rotor as indicated by 
line 51, and the various harmonic waves which, in 
essence make up the square wave, are also exper- 
ienced by the rotor. However, the various harmonic 
flux waves are at different frequencies thereby in- 
troducing detrimental magnotic flux into tho rotor 
and, thus, also arbitrary torque outputs at any givon 
speed. This problem with respect to harmonic 
wave flux densities is also described in Wayne J, 
Morrill, U.S. Patent No. 4,371,082. 

By shaping the tooth faces 31 of ends 20 and 
increasing the air gaps 28 between the rotor 22 
and teeth 16 toward teeth tips 52, the reluctance 
thereat is increased and the flux density exper- 
ienced by the rotor is changed advantageously as 
shown in Fig. 4 in the solid line 55. As shown by 
the experimental data, the flux density wave 55 
appears to be closer to the fundamental sinusoidal 
wave 53. Indeed, by shaping tho teeth inner ends 
20 as described herein, efficiencies have been 
seen to increase approximately 12.04 percent from 
43.2 percent to 48.4 percent. 

Referring now to Figs. 2 and 5, a tooth 16 is 
shown without a coil wound thereon and with the 
winding slots 18 to the left and to the right of the 
center line longitudinal plane 50. In Fig. 5, the teeth 
are defined by a total of 180 electrical degrees 
shown as a. The center line longitudinal plane 50 is 
at 0 electrical degrees and the midpoint between 
each successive tooth 16 would, therefore, be at 
-90 degrees and +90 degrees electrical. The dis- 
tance between each successive tooth is shown as 
an electrical degree distance of The electrical 
degree midpoint line 54 is located at +90 degrees 
and -90 degrees at a distance <J>/2 from the teeth 
tips 52. 

The normal air gap 5 n is equal to, as described 
hereinabove, one-half the difference between the 
teeth inner ends 20 diameter and the rotor diam- 
eter. In the preferred embodiment, the teeth faces 
31 of inner ends 20 are shaped as indicated by line 
56 for increasing the air gap from the center plane 
50 toward tips 52. Preferably, the air gap is in- 
creased starting at -e s and + 6 S where e s is equal 
to 42.52 electrical degrees. That is, 6 S is calculated 
to be most preferred at 42.52 electrical degrees on 
either side of center plane 50. Empirically, this 
angle would be between 40 and 45 electrical de- 
grees on either side of the center line plane 50. 

The most preferred starting point for increasing 
the air gap starts at an angle 6 S and extends on 
either side of the center line plane 50 and is 
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defined by: 

cos e s = J it sin G 2 

where; 5 

6 S = angle to start air gap increase in elec- 
trical degrees; and, 

e? = 1/2 the electrical pitch of the winding in 
electrical degrees. 

The desired air gap flux density is best 10 
achieved by beginning increasing the air gap at 
±6 a and increasing - to a total length (width) of air 
gap equal to a length 5 as defined by line 56. The 
preferred air gap length 5 is calculated according 
to: 15 



6 = o 



AIR GAP FLUX 
a x cos 9 



where: 

5 - length of air gap at a distance 9 from the 
teeth center line plane; 

5 n = normal air gap equal to one-half the 55 
difference between the teeth inner ends circular 
shaped diameter and the rotor diameter; and, 

ai ~ amplitude of desired flux wave applied to 
rotor. Empirically, the air gap length 5 will range 
t20% of 5 at any given distance 9 from plane 50. 30 

The stator core 12 is made of a plurality of 
bound laminations .60. The laminations are bound 
together in a known and customary manner. Each 
of the laminations 60 are stamped from flat stock of 
magnetically permeable material prior to being as- 35 
sembled together. 

As shown in Fig. 2, the laminations 60 are 
stamped with a cut-away portion 64 (hatched) for 
decreasing the amount of material near tips 52. It 
should be recognized by those skilled in the art 40 
that if the laminations were initially stamped with 
circular shaped teeth inner ends for forming a 
uniform air gap length 5 m such as when rotor 
laminations are simultaneously punched from the 
same stock, and thereafter are punched with a die 45 
that followed the desired shape as indicated by line 
56, the cutting edge of the die at the points ± 6 S 
would be infinitesimaliy thin and would therefor 
have a greatly reduced useful life. Further, the 
infinitesimaliy thin sliver punched by such a die 50 
would also become caught between the die parts 
and further reduce the useful life of the die. For 
these reasons, the cut-away portion 64 was propor- 
tioned to begin along the desired shape of line 56, 
but at an angle of t 0 that would allow a more 
rounded cutting edge on the stamping die consis- 
tent with long die life. As shown the cul-away 
portion of shape 64 begins at an anqle +■ 0 of 



between 49 and 61 electrical degrees and extends 
linearly toward tip 52 to a point empirically deter- 
mined to be 80% of the most desired shape as 
defined by line 56. 

Thereafter, if the final shape is required to be 
closer to the desired tine 56, the face 31 of teeth 
ends 20 can be chamfered such as by grinding 
starting at 0 S . As can be appreciated, by initially 
stamping the laminations 60 with a cut-away por- 
tion 64, the chamfering or grinding process is aid- 
ed by decreasing the required production time and, 
thereby also decreasing production costs. 

It has, however, been demonstrated by experi- 
ment that, just as the cut-away portion 64 mechani- 
cally approximating the desired shape 56 made tho 
chamfering process easier, the same cut-away por- 
tion proportioned as described, magnetically ap- 
proximated the desired shape shown by line 56 to 
the extent that the air gap flux was shaped sub- 
stantially as desired and shown in Fig. 4 as solid 
line 55 and further chamfering of the pole tip 52 
was not always 'necessary . 

While the invention has been described as 
having specific embodiments, it will be understood 
that it is capable of further modification. This ap- 
plication is. therefore, intended to cover any vari- 
ations, uses, or adaptations of the invention follow- 
ing the general principles thereof and including 
such departures from the present disclosure as 
come within known or customary practice in the art 
to which this invention pertains and fall within the 
limits of the appended claims. 

■ I ' 

Claims 

1. In a single-phase asynchronous induction mo- 
tor including a stator core member having a 
plurality of substantially equally angularly- 
spaced, radially inwardly extending teeth re- 
spectively defining winding slots therebetween, 
said teeth having inner ends defining a bore, a 
rotor member in said bore having a peripheral 
suriace defining air gaps with said ends of said 
teeth and having generally axially extending 
slots formed therein, said teeth inner ends 
having a circular shape with a diameter greater 
than the rotor diameter thereby forming said 
air gaps, a squirrel cage winding in said rotor 
member slots extending between the ends of 
said rotor member, a main field winding on 
said stator core member, said main winding 
forming a predetermined even number of mag- 
netic poles, an auxiliary field winding on said 
stator core member mechanically angularly 
displaced from said main field winding and 
forming the same number of magnetic poles, 
said teeth being equal in number to twice the 
number of said poles, said main field winding 
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comprising a plurality of coils equal in number 
to the number of said poles, said main field 
winding coils respectively embracing alternate 
consecutive ones of said teeth, said auxiliary 
field winding comprising a plurality of coils 5 
equal in number to the number of said poles, 
said auxiliary field winding coils respectively 
embracing consecutive alternate teeth respec- 
tively intermediate said first named alternate 
teeth, there being one coil only on each said 10 
tooth thereby providing a half-pitch winding for 
said motor the improvement comprising: 

moans for phase displacing said main field 
winding from said auxiliary field winding and 
wherein each of said teeth have substantially 16 
equal angular extent and each of said teeth 
inner ends are shaped for increasing said air 
gaps on both sides of a center line longitudinal 
plane of each of said teeth and increasing 
magnetic reluctance between each of said 20 
teeth and said rotor on both sides of said 
center line plane. 

The motor of Claim 1 wherein each of said 
teeth are defined by 180 electrical degrees 25 
with said center line longitudinal plane being at 
0 electrical degrees, said teeth inner ends 
shaped for increasing said air gaps starting at 
40 to 45 electrical degrees on either side of 
said center line plane and extending away 30 
therefrom. 



The motor of Cfaijm 1 wherein each of said 
teeth are defined "by 180 electrical degrees 
with said center line longitudinal plane being at 
0 electrical degrees, said teeth inner ends 
shaped for increasing said air gaps starting at 
an angle on either side of said center line 
plane defined by: 

cos 9 S = 2 -n sin 62 

where: 

0 S =■ angle to start air gap increase in 
electrical degrees; and, 

G 2 = 1/2 the electrical pitch of the winding 
in electrical degrees. 

The motor of Claim 3 wherein said teeth inner 
ends are shaped for providing air gaps equal 
to a length 6 1 20% of said & according to: 



5 = length of air gap at a distance 6 from 
the teeth center line plane; 

5 n = normal air gap equal to 1/2 the 
difference between said teeth inner ends cir- 
cular shape diameter and the rotor diameter; 
and, 

ai - amplitude of desired flux wave ap- 
plied to rotor. 

5. The motor of Claim 1 wherein each of said 
teeth are defined by 180 electrical degrees 
with said center lino longitudinal piano being at 
0 eloctrical dogroes, and wherein said teeth 
inner ends are shaped for providing increasing 
air gaps equal to a length 8 ± 20% of said 6 
according to: 



AIR GAP FLUX 



a 1 cos 8 



where: 

5 = length of air gap at a distance 9 from 
the teeth center line plane; 

5 n = normal air gap equal to 1/2 the 
difference between said teeth inner ends cir- 
cular shape diameter and the rotor diameter; 
and, 

ai = amplitude of desired flux wave ap- 
plied to rotor, 



6 = 8 



AIR GAP FLUX 
a, cos 6 



6. The motor of Claim 1 wherein said stator core 
is made of a plurality of bound laminations and 

35 wherein said teeth inner ends are chamfered 

on both sides of said center line longitudinal 
plane thereby shaping said teeth inner ends for 
increasing said air gaps on both sides of said 
center line plane. 

40 

7. The motor of Claim 6 wherein said laminations 
are initially stamped with a cut-away portion 
from the teeth inner ends substantially near the 
tips of said teeth furthest away from said cen- 

45 ter line plane. 

8. The motor of Claim 1 wherein said stator core 
is made of a plurality of bound laminations, 
said laminations being made by first being 

so punched with circular shaped teeth inner ends 

for forming a uniform air gap and second, 
being punched to remove a cut-away portion 
from the teeth inner ends substantially near the 
tips of said teeth furthest away from said cen- 

55 ter line plane. 



where: 



9. The motor of Claim 8 wherein said air gap, 
after said first and second Dunchinq of said 
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laminations, approximates a length 5 according 
to: 



AIR GAP FLUX 



a 1 cos 6 



where each of said teeth are defined by 
180 electrical degrees with the center line Ion- 10 
gttudinal plane being at 0 electrical degrees; 
and, 

whoro: 

5 = length of air gap at a distance 8 from 
the teeth center line plane; is 

& u = normal air gap equal to 1/2 the 
difference between said teeth inner ends cir- 
cular shape diameter and the rotor diameter; 
and, 

= amplitude of desired flux wave ap- 20 
piied to rotor. 
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